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Our busy solar system
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Comets are more ice than rock.
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Asteroids are more rock than ice.










"All Is number."
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This is how scientists see the world.

Harsh truth courtesy AbstruseGoose.com
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Results on water impacts of small (<300 m diameter)
asteroids

Impacts or airbursts near populated shores are
dangerous.

Impacts far from shore are spectacular and may
produce detectable waves at great distances.

Airbursts over water are less effective at generating
waves than impacts into water.

The most significant effect of an impact into an ocean
IS the injection of water vapor into the stratosphere,
possibly affecting climate.




Impact of a 250-meter diameter asteroid
Into a deep ocean

Time: 34

Volume rendering of density.
Visualizations in this presentation were made by a team at Los Alamos (John M. Patchett, David H. Rogers,

Boonthanome Nouanesengsy) and University of Texas (Francesca G. Samsel, Karen Tsai, Gregory D.
Abram, Terece L. Turton) using simulation data generated by Galen Gisler.




You don’t want to be close to an impact site!
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250 m asteroid, no airburst, 45° trajectory

Volume rendering of water mass fraction (top) and pressure (bottom)




Direct comparison of 3 calculations showing pressure (green),
asteroid mass fraction (red), water mass fraction (blue)
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Calculations of different sized impactors

100m Diameter 250m Diameter

Airburst at 5km
45° Impact Angle




I EEERE 250 meter asteroid
no airburst o, no airburst

100 meter asteroid 250meter asteroid
5km airburst — 5 km airburst




Water surface 95 seconds after the impact of a
250-m diameter asteroid Slice through the center, showing breaking

waves

Water surface 54 seconds after a 50 MT airburst
at 5 km altitude from a 250-m diameter asteroid
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Slice showing breaking waves and residual
airburst effects

along track (km)
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Impact Prevention: Deflection

e Push to alter orbit
e Mechanisms:
okinetic
oexplosive
olight
ogravity
orockets
e Diameter > 100 m

e Reaction time ~ years to
decades




Preventing Impacts: Disrupt and Disperse

Fragment
Scatter fragments
Mechanisms:
— Kkinetic
— explosive
— mechanical
Works best for:
et Mission

— Shorter warning

— Smaller objects




Dimorphos 2 Z Didymos

e | LICIACube
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Spacecraft

Earth-based
observations

We can test the physics with an experiment




The Target: Asteroid Dimorphos

« Target of the DART kinetic
Impactor mission

* Smaller member of a binary 1
SySte M Double Asteroid Redirection Test (DART) (2000

* 100-m-diameter, rocky mixed-
type asteroid, 25% porosity

* Tunguska Meteor-sized
 Modeled 4 kinetic impactor

scenarios
Model Impactor Mass [kg] Impactor Velocity [km/s] Impact Angle [°] (Figure courtesy NASA/DART)
1 10350.4 19.75 0
2 10350.4 19.75 90
3 7897.0 8.1 0
4 7897.0 8.1 90




sy TN
Computer Model Results

« NASA designed trajectories
assuming a perfectly inelastic
collision (100% momentum
transfer efficiency) Red is escaping spall, v, >v,,,

«  We estimate 400-2000%
momentum transfer efficiency

« Total system momentum is

dy=118 m.

Conserved 25 simulation|minute

transit time at|v=v,,.

« Spall, shrapnel mean target
mass Is not constant

« SO0 remaining target can have
a higher momentum.

Model m; [kg] v [km/s] 6; [°(]  mej [kg] B Av [cm/s]
1 10350.4 19.75 0 >BITx1 >7 > 30
2 10350.4 19.75 90 > 125307 > 17 > 100

3 7897.0 8.1 0 82100 21 36
4 7897.0 8.1 90 1.3x 108 20 38




Questions?




How often do impacts happen,
and how do we know that,
exactly?
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The Moon: No plate tectonics or liquid water.




Scientists count the craters

MARE FRIGORIS MARE SERENITATIS

Sea of cold Sea of serenity

PLATO (crater)

MARE IMBRIUM
Sea of showers / rain

COPERNICUS (crater)
ARISTARCHUS (crater)
KEPLER (crater)

WEST (on the moon)
EAST (in the sky)

OCEANUS -g-
PROCELLARUM W
Ocean of storms

GRIMALDI (crater)

BYRGIUS (crater)

MARE COGNITUM
Sea that has become known

MARE HUMORUM
Sea of moisture

Los Alamos National Laboratory

MARE TRANQUILLITATIS
Sea of tranquility

MARE CRISIUM
Sea of crises

B\ MARE FECUNDITATIS
% Sea of fecundityAertility

i LANGRENUS (crater)

| EAST (on the moon)
» WEST (in the sky)

& _MARE NECTARIS
¥ Sea of nectar

STEVINUS (crater)

MARE VAPORUM
Sea of vapours

MARE INSULARUM
Sea of islands

MARE NUBIUM
Sea of clouds

TYCHO (crater)
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The age of rocks collected on the Moon were estimated
from radioactive decay of the minerals.

Los Alamos National Laboratory 7/20/21 | 29




Then we know how many there are of a given size, and
how old they are.

Cumulative Crater Size-Frequency Distribution

10%,

a Giordano Bruno
10’ o Byrgius A

o Moore F

+ Necho
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%961 . 70
Crater Diameter [km]

(Adapted from Morota, at &l , 2009, Mefeontics & Planefary Science, v. 44(8), p. 1115-1120.)
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If you know that, you can estimate how
often objects of a given size hit the

Moon (and the Earth).
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Little asteroids hit less often than big ones, and
all the big craters have been counted.
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Fortunately, there’s plenty of data

& Photojournal: NASA's Image Ac X

® © & https://photojournal.jpl.nasa.gov

L} Most Visited @ Getting Started @ Sesame
JPLHOME EARTH SOLARSYSTEM STARS & GALAXIES SCIENCE & TECHNOLOGY

Jet Propulsion Laboratory sring THE universeTovou: [l E B B A E T N M

California Institute of Technology

Latest I;ﬁages | Spacecraft & Technology | Animations | Space Images Abp | Feedsack | Photojournal 'Search '

DWARF

.
PLANETS

PHOTOJOURNAL

NEPTUNE

-
S

‘ SATURN
MARS

~ JEARTH
b

VENUS
MERCURY

UNIVERSE

Los Alamos National Laboratory 7/20/21 | 34




Some projects use crowdsourcing

@ Moon Zoo: Archive

® © & https://www.moonzoo.org

£¥ Most Visited @ Getting Started @ Sesame

Archived Zooniverse Project: Moon Zoo

Moon Zoo

Moon Zoo was a project to study the lunar surface in
unprecedented detail, by asking volunteers to identify
craters and boulders in millions of images from NASA's
Lunar Reconnaissance Orbiter (LRO).

Data Archive »

Publications »

About this Project Similar Projects Data and

The Zooniverse makes citizen science Moon Zoo is one of many astronomy P u bl |Cat| ons
websites that let everyone be part of real projects on the Zooniverse, and is very
research online. In 2010 they created Moon similar to Planet Four, which involves
Zoo to allow volunteers help map the exploring the surface of Mars.

surface of the Moon. : You can download and explore the data
used in this publication at data.moonzoo.org

So far Moon Zoo has produced one
publication - Bugiolacchi et al, 2016

The project was archived in March 2016.
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Some projects use machine learning

zcmre 2 M OC ]maoe MOS 03 034 'k eaf Scene 1. re
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Modern automated counts still haven’t beaten simple
hand-programmed counting scripts

Clark Chapman wrote the first automated crater counting script
more than 40 years ago.
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https://www.flickr.com/photos/gsfc/6353311665/
https://creativecommons.org/licenses/by/3.0/

